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摘 要 
基于超声波的损伤检测是工业无损检测中应用范围最广的一种方法，但检测
中常用的压电探头不能在强电磁干扰、腐蚀、高温等恶劣条件下使用。与之相比，
干涉式光纤传感器具有重量轻、体积小、抗电磁干扰等优点，为检测材料中的超
声波信号提供了一个更好的测量方法。本文设计了一种基于高双折射光纤 Sagnac
干涉仪的超声波传感器，制作了可移动式的光纤环作为超声探头，采用了双波长
补偿法克服了初始偏置相位漂移对输出信号幅度带来的影响。 
本文研究的工作主要体现在以下三个方面： 
(1) 根据 Jones 矩阵理论对单段高双折射光纤 Sagnac 干涉仪的反射和透射光
谱特性进行了理论研究，讨论了耦合器、高双折射光纤快慢轴与直角坐标系的夹
角、高双折射光纤的长度及折射率差对干涉仪光谱特性的影响；推导了在超声波
作用下高双折射光纤 Sagnac 干涉仪探头的相位差变化，分析并仿真了两段双折
射光纤参数对反射透射光谱的影响；最后对高双折射光纤 Sagnac 干涉仪的信号
特性进行了分析。 
(2) 介绍了双波长光源及特定的补偿算法的基本原理，然后对双波长光源的
系统输出进行理论仿真，分析这种双波长光源及特定的补偿算法可以用来消除高
双折射光纤 Sagnac 干涉仪在检测信号时带来的输出信号不稳定现象，最后实验
验证了在不同温度条件下，采用双波长补偿法可以克服输出信号幅度的衰落。 
(3) 对基于高双折射光纤 Sagnac 干涉仪的超声波检测系统和光纤光栅进行
了对比实验，实验结果显示，在不同频率、相同幅值的正弦波和调制波激励条件
下，基于高双折射光纤 Sagnac 干涉仪的超声波检测系统探测到的信号比光纤光
栅探测到的信号更加稳定，高双折射光纤 Sagnac 干涉仪可探测到超声波频率范
围为 20 kHz-1000 kHz。 
关键词：光纤 Sagnac 干涉仪；高双折射光纤；超声波检测  
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Abstract 
Damage Detection Based on ultrasonic non-destructive testing industry is the most 
widely used methods, but commonly used to detect a piezoelectric probe can not be 
used in the electromagnetic interference, high temperature and corrosion and other 
harsh environments. In contrast, an interferometric fiber optic sensor with a light weight, 
small size, anti-electromagnetic interference, etc., to detect the material of the ultrasonic 
signals provides a better method of measurement. This article is designed based on high 
birefringence fiber Sagnac interferometer ultrasonic sensors, made movable optical 
fiber ring as a ultrasonic probe uses a dual-wavelength compensation method to 
overcome the impact of the initial bias phase shift output signal amplitude caused . 
In this paper, the work is mainly reflected in the following three aspects: 
(1) Based on Jones matrix theory for single-stage high birefringence reflection and 
transmission spectral characteristics of the optical fiber Sagnac interferometer studied 
theoretically, discusses the analysis couplers, fiber ring, the length of optical fiber and 
high birefringence index difference of the interferometer spectrum characteristics. 
Derived under ultrasonic high birefringence fiber Sagnac interferometer probe phase 
change, analyze and simulate the effects of two birefringent fiber parameters for the 
reflection and transmission spectra. Finally, the signal stability high birefringence fiber 
Sagnac interferometer were analyzed. 
(2) The basic principle of dual-wavelength light source and specific compensation 
algorithm, and then double-wavelength light source output of a system of theoretical 
simulation, analysis of this dual-wavelength light source and specific compensation 
algorithm can be used to eliminate the high birefringence fiber Sagnac interferometer 
instrument in the detection signal caused by the output signal of instability, and finally 
experiments under different temperature conditions, dual-wavelength compensation 
method can overcome the problem of the decline of the output signal amplitude. 
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(3) Based on Fiber Bragg Grating and high birefringence fiber Sagnac 
interferometer ultrasonic inspection systems were compared experimental results show 
that, at different frequencies, and the same amplitude sinusoidal modulation wave 
excitation conditions, based on high birefringence fiber Sagnac interferometer 
ultrasonic inspection system to detect signals over fiber grating detected signal more 
stable, high birefringence fiber Sagnac interferometer can detect the ultrasonic 
frequency range of 20 kHz-1000 kHz. 
Keywords: Fiber Sagnac interferometer; High birefringence fiber; Ultrasonic testing 
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